The effects of various additives on pH and rates of setting reactions of a commercial zinc phosphate cement system were examined.
The effects of various additives on pH and rates of setting reactions of a commercial zinc phosphate cement system were examined.
While the addition of various organic materials to the cement powderproduced no effect on the pH changes, addition of both calcium oxide and calcium hydroxide to the cement powder increased the neutralization rate of water in contact with the cement surface when compared with the unaltered cement.
The addition of both magnesium oxide and magnesium hydroxide was effective in raising the initial pH of the cement. The addition of aluminum ion to the cement liquid retarded the setting reaction and delayed the neutralization of the cement when compared with cement liquid which contained no cation additives. Zinc ion showed a similar effect. There was a positive correlation between pH change and viscosity change for each cement during setting. X-ray diffraction and infrared spectroscopy suggest that the addition of zinc ion to the cement liquid induces the formation of hydrated zinc phosphate (Hopeite RESULTS Figure 1 shows the pH changes of distilled water on the surface of the commercial zinc phosphate cement with and without various admixes. Addition of both calcium oxide and calcium hydroxide to the commercial cement powder increased the neutralization rate as compared to unaltered commercial cement.
On the other hand, the addition of both magnesium oxide and magnesium hydroxide increased the pH value, but had little effect on the neutralization rate. Five wt% magnesium hydroxide additions were significantly more effective in raising the pH of the cement than were additions of magnesium oxide. The pH change was similar to 2wt% and 5wt% additions of any of these compounds, and only data for the 5wt% additions are shown in this paper.
Both the initial pH values and the neutralization rates of the cements mixed with the orthophosphoric acid increased with decreasing concentrations of orthophosphoric acid. Similarly, the initial pH values and neutralization rates of the cements mixed with 55wt% orthophosphoric acid containing 5wt% zinc ion were lower than those of the cement mixed with 55wt% orthophosphoric acid without any metal ion. The pH change of the 55wt% orthophosphoric acid containing 5wt% aluminum ion was nearly the same as that of the commercial cement. Figure 2 shows relation between log apparent viscosity and elapsed time from mixing. It should be noted that the log apparent viscosity in the range from 103 Pa s to 104 Pa s was almost linear with the elapsed time from mixing. However, the slope of the viscosity increase for each cement was characteristically different. The addition of both calcium oxide and calcium hydroxide to the commercial cement powder increased the slope, while the slope was not influenced by the addition of magnesium oxide,magnesium hydroxide, zinc hydroxide and aluminum hydroxide.
However, both magnesium oxide and magnesium hydroxide maintained low viscosity until about seven minutes from the start of mixing. The slopes of the viscosity increase for the cements mixed with the various concentrations of orthophosphoric acid, and the orthophosphoric acid containing aluminum ions and zinc ions were larger 
DISCUSSION
Effects of additives to the cement powder The addition of soluble magnesium and calcium compounds to the cement powder seems to affect their pH change during setting.
These compounds increased the rate of setting reaction as seen in Fig. 2 , and the amount of unreacted cement liquid on the cement surface decreases faster than that of the cement without any additions. As described previously1,3), the initial pH value is affected by the release and the diffusion of acid from the unreacted cement liquid, and the neutralization of acid depends on the dissolution of the unreacted cement powder, the decomposition of the matrix or release of acid.
In commercial zinc phosphate cement, about 10wt% of magnesium oxide is added to the cement powder2). It is well known that the addition of magnesium oxide delays the formation of zinc phosphate crystal (Hopeite) at the surface and increasing the setting time of the cement6). Both pure magnesium oxide and pure magnesium hydroxide have a very high reactivity with phosphoric acid, and both magnesium compounds harden when mixed with phosphoric acid. Thus, it seems that the phosphoric acid in the cement liquid was significantly consumed by the reaction of magnesium oxide or magnesium hydroxide added to the cement powder. Therefore, the addition of magnesium compounds increases the initial pH value. However, it seems that the rate of reaction of zinc oxide with phosphoric acid was retarded by the addition of magnesium compounds, as seen in the measurements of viscosity change (Fig. 2) .
Calcium compounds produced different effects from magnesium compounds. Additions of calcium compounds increased the neutralization rate, but the effect on initial pH value was not significant. This behavior is related to the viscosity change of each cement. The setting reaction (viscosity increase) for the cement with the addition of the calcium compounds is faster than that for the cement with the addition of magnesium compounds.
The soluble calcium compounds appear to accelerate the setting reaction consuming the unreacted cement liquid, preventing its release into the contacting water of the pH electrode.
The other inorganic and oraganic compounds had no significant effect on the pH change.
Calcium fluoride is one of the constituents of commercial zinc phosphate cements2), and calcium hydroxyapatite is a mineral salt in the enamel and dentin. Both compounds have extremely low solubility in water compared with calcium oxide and calcium hydroxide7,8 
CONCLUSIONS
The effect of various additions to a commercial zinc phosphate cement powder and liquid on the pH have been studied by using a flat electrode technique. The addition of both calcium oxide and calcium hydroxide to the cement powder increased the neutralization rate of the water in contact with the cement surface, and the addition of both magnesium oxide and magnesium hydroxide increased the initial pH value. The additions of other inorganic and organic compounds to the cement powder had little effect on the pH. Addition of aluminum ion to the cement liquid prevented the neutralization of the cement when compared with orthophosphoric acid without such an addition of aluminum ions. The pH change correlated with the viscosity change during the setting of each cement. Considering the results analyzed by DSC, X-ray diffraction and infrared spectroscopy, it appears that the reaction products formed by reaction of zinc oxide powder and phosphoric acid containing aluminum ion is not a crystalline zinc phosphate (Hopeite) but rather an amorphous phosphate. This inhibition of reaction between zinc oxide and phosphoric acid by aluminum ions prevents the rise in pH of the cement because unreacted phosphoric acid is continuously released into the contact water.
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